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In  conducting  the  research  reported  here,  the  investigators 
adhered  to  "Principles  of  Laboratory  Animal  C  e"  as  estab¬ 
lished  by  the  National  Society  for  Medical  Research. 


ABSTRACT 


The  ammonium  sulfate  coprecipitation  technique  (ASCT)  described  y 
jt’arr  in  1958  has  been  employed  primarily  with  stable,  well  characterized 
antigens  such  as  serum  proteins  To  facilitate  study  of  the  efficacy  of 
immunization  procedures  and  the  role  of  serum  antibody  in  resistance  to 
infection,  the  application  of  ASCT  to  purified  microbial  antigens  has 
been  Investigated.  Studies  with  iodine  131-labeled  tective  antigen 
of  Bacillus  anthracis .  using  an  equal  volume  of  ?.S  M  ammon* um  sulfate 
*c~  copre'*<pit*tlon,  revealed  differences  in  the  combining  capacities  of 
various  equine  sera.  Approximately  100%  of  a  labeled  antigen 

preparation  was  precipitated  by  a  1:20  dilution  of  hyperimmune  pony  serum, 
whereas  approximately  20%  was  precipitated  by  a  1:20  dilution  of  normal 
horse  serum.  Similarly,  using  3.2  M  ammonium  sulfate  for  cop^ecipitatioi 
radioiodine-labeled  purified  enterotoxin  B  of  Staphylococcus  aureus 
revealed  differences  in  the  combining  capacities  of  various  rabbit  sera 
for  the  enterotoxin  antigen.  At  a  final  concentration  of  1  microgram 
per  milliliter,  essentially  100%  of  the  labeled  toxin  was  precipitated 
by  a  1:10  dilution  of  a  pooled  anti -enterotoxin  serum,  whereas  only  10 
to  20%  of  the  toxin  was  precipitated  by  normal  rabbit  se^a.  With  both 
systems,  over  a  considerable  range  of  dilutions  of  norms,  and  immune 
sera,  the  proportion  of  antigen  precipitated  vy  immune  t era  remained 
significantly  greater.  Thus,  the  ASCT  yields  sensitive  and  quantitative 
measurements  of  antibody  reactive  with  these  microbial  antigens. 
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DETERMINATION  OF  ANTIBODY  TO  PURIFIED  MICROBIAL  ANTIGENS 
BY  AMMONIUM  SULFATE  COPRECIPITATION  (FARR  TECHNIQUE) 


The  ammonium  sulfate  coprecipitation  technique,  first  reported  in 
detail  in  1958  by  Farr,  provided  a  quantitative  ^r.u  sensitive  assay  of 
antibody  to  iodine  131-labe1*d  bovine  serum  albumin.  Since  that  time, 

Farr  and  other  wvrscers  have  utilized  this  technique  to  investigate  a 
variety  of  immunological  phenomena,  such  as  the  production  of  antibody 
after  X-radiation;  the  cellular  in  vitro  production  of  antibody  following 
in  stimulation?8  th*  tt.-.af  </■>«  of  the  antigen-antibody  reaction;*  and 

the  types  of  antibody  synthesized  during  the  immune  response However, 
nost  investigators  have  employed  in  their  studies  the  bovine  serum  albumin- 
ant  ibovine  serum  albumin  system,  or  have  utilized  for  iodination  and  study 
other  stable  and  well-characterized  antigenic  material  as  the  serum  proteins. 
For  some  time  our  concern  has  been  with  the  development  or  application  of 
serological  procedures  for  sensitive  and  quantitative  measurement  of  serum 
antibody  to  aid  in  testing  the  efficacy  of  vaccines  and  immunization  pro¬ 
cedures.  He  have  been  surprised  to  find  that  the  ammonium  sulfate  copre¬ 
cipitation  technique  of  Farr  has  been  virtually  neglected  by  those  studying 
resistance  to  infection.  In  1962,  Freter  did  employ  the  Farr  technique  to 
detect  coproant ibodies  against  Vibrio  cholerae  in  humans  immunized  Ly  the 
oral  and  parenteral  routes.0  However,  in  his  work  he  used  relatively  crude 
"0"  antigen  preparations  obtained  by  cell  fractionation,  which  probably 
contained  numerous  antigens.  Intent  on  developing  improved  methods  for 
the  assessment  of  the  efficacy  of  Immunization,  we  have  studied  the 
applicability  of  the  ammonium  aulfate  coprecipitation  technique  to 
systems  utilizing  purifie<  atigenic  material  derived  from  microbial 
sources. 

In  this  investigation  ve  used  two  antigens  derived  from  quite  dissimilar 
bacteria.  In  the  first  instance  we  used  the  anthrax  protective  antigen 
prepared  in  our  laboratory.  This  antigenic  material  is  obtained  from 
Bacillus  anthracls  strain  V770-NP1-R  grown  anaerobically  in  a  defined 
medium.  The  antigen  is  purified  by  chromatography  of  culture  filtrates 
on  DEAR  cellulose  columns  and  gel  filtration.  Immunoelectrophoresis  has 
revealed  the  antigen  to  contain  three  components  closely  related  serologi¬ 
cally  but  differing  in  electrophoretic  mobility.  Preliminary  ultracentri¬ 
fuge  study  has  indicated  a  molecular  weight  of  the  order  of  80,000.  This 
purified  antigenic  material  combined  with  aluminum  hydroxide  suspension 
has  lean  found  to  have  considerable  immunizing  activity  in  guinea  pigs. 

The  second  microbial  antigenic  material  employed  was  staphylococcal  entero- 
toxin  B  obtained  from  Staphylococcus  aureus  strain  S6,  and  kindly  supplied 
by  Dr.  E.J.  Schants  of  Fort  Detrick.  This  material  is  purified  by  chroma¬ 
tography  on  Aaberlite  CG-50  resin  and  carboxymethyl  cellulose.  The  entero- 
t  oar  in  B  antigen  has  been  characterized  as  a  simple  protein  with  a  molecular 
weight  of  35,000.  It  is  a  homogeneous  material,  a#  indicated  bv  the 
analytical  ultracentrifuge  (2.89  g),  free  electrophoresis,  and  by  agar 
gel  diffusion  tests.  Its  purity  has  been  estimated  as  greater  than  99%. 
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lodination  of  the  purified  microbial  antigens  to  obtain  labeled 
material  for  serology  vas  performed  by  the  usual  nitrous  acid  procedure 
or  by  a  modified  microdiffusion  iodlnation  technique. 

A  purified  anthrax  protective  antigen  preparation  vas  labeled  vith 
iodine  131  by  the  nitrous  acid  method  described  by  Johnson,  et  al,7  The 
effect  of  iodlnation  on  the  precipitating  activity  of  protective  antigen 
was  tested  by  Ouchterlony  plate  titration,  which  indicated  full  retention 
of  that  biological  activity.  Estimates  based  on  values  of  80, GOO  as  the 
molecular  weight  and  0.1  milligram  protein  per  milliliter  of  antiger  indi¬ 
cated  a  labeling  of  approximately  3  atoms  of  iodine  per  molecule  of  antigen, 

Recovery  of  the  labeled  protective  antigen  from  unbound  iodine  was  obtained 
by  passage  through  a  Sephadex  G25M  gel  column.  Recovery  of  the  protective 
antigen  from  the  column,  as  determined  by  Ouchterlony  precipitating  activity, 
was  coincidental  wll*.  the  "f  h"’  r*d*'vsr*- fvity  peaks  obtained.  This 

is  indicated  in  Figure  1.  Essentially  all  of  the  original  added  radio¬ 
activity  could  be  recovered  from  the  Sephadex  columns.  Usually,  with  this 
protective  antigen  preparation,  80  to  91%  of  the  added  biological  activity 
was  recovered,  and  the  level  of  radioactivity  present  with  the  antigen 
fractions  Indicated  an  efficiency  of  labeling  of  15  to  25%  of  the  original 
radioactivity.  Figure  1  illustrates  a  typical  separation.  In  this  instance 
we  obtained  8v%  recovery  of  the  biological  activity  and  approximately  22% 
of  the  added  radioactivity  was  present  in  the  antigen  peak  material, 

i 

! 

Since  Farr's  original  technique  depended  on  the  solubility  of  uncom- 
bined  labeled  eioumin  in  helf-aaturated  ammonium  sulfate,  we  next  investi¬ 
gated  the  solubility  of  our  labeled  protective  antigen  at  various  concen¬ 
tration"  of  ammonium  auifata.  Anticipating  manipulations  at  various 
temperecurea,  we  used  molarity  rather  than  per  cent  saturation  in  our 
work.  Figure  2  indicates  the  solubility  of  the  pooled  labeled  protective 
antigen  at  various  concentrations  of  ammonium  sulfate.  The  labeled  antigen  i 

was  Insoluble  at  high  ammonium  sulfate  concentrations,  especially  in  the 
presence  of  normsl  serum,  but  st  2.8  M  concentration,  even  with  serum 
present,  vas  relatively  soluble,  approximately  70%  of  the  labeled  protec¬ 
tive  antigen,  vith  normal  serum  present,  vas  soluble  in  2.8  M  ammonium 
sulfate.  To  eliminate  the  possibility  of  soma  nonspecific  precipitation 
of  labeled  antigen  during  serological  testa  va  first  treated  our  labeled 
preparation  vith  3.2  H  ammonium  auifata.  Than  va  tasked  the  remaining 
soluble  protective  antigen  for  copreclpltetion  with  normal  and  immune 
equine  sera,  using  2.8  H  ammonium  auifata. 

As  Figure  3  indicates,  ve  found  msrked  differences  in  ths  combining 
capacities  of  various  equine  ears.  Approximately  100%  of  the  labeled  pro¬ 
tective  antigen  was  precipitated  by  a  1:20  dilution  of  a  hyperimmune  pony 
•arias,  but  only  approximately  20%  vas  precipitated  by  a  1:20  dilution  of  j. 

normal  horse  aarua.  As  the  antiserum  vas  diluted,  the  proportion  of  antigen  ! 

precipitated  was  decreased.  Using  precipitation  of  50%  of  the  radioactive  j 

antigen  to  characterise  the  eorua,  a  direct  relationship  was  noted  between 
tha  concentration  of  antigen  employed  and  the  extant  of  copracipltation. 

Vith  a  tenfold  decrease  in  antigen  concentration  an  Increase  in  aarua  titer 
of  approximately  tenfold  was  observed. 


Count*  por  Minute 


Sephodex  Froctiorr*  (1  mi) 

Figure  1.  Recovery  of  Labeled  Anthrax  Protective  Antigen 
by  Sephedex  Gel  Filtration. 
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We  next  investigated  the  applicability  of  using  the  Parr  technique  with 
an  even  more  highly  purified  microbial  antigenic  material.  Staphylococcal 
aaterotoxir  B  was  iodinated  by  a  modification  of  a  microdiffusion  procedure 
of  Banerjee  and  Eklns,9  which  eliminates  the  addition  of  oxidising  agents 
to  the  protein  and  avoids  dilution  of  its  concentration.  The  labeled 
enterotuxin  was  separated  from  unbound  iodine  by  dialysis.  Calculations 
of  the  conversion  of  iodine-131  to  the  gaseous  phase,  of  the  diffusion  of 
the  iodine  into  the  protein  solution,  and  of  the  efficiency  of  labeling 
indicated  that  approximately  0.5  to  1.5  atoms  of  iodine  were  bound  par 
molecule  of  toxin.  Both  the  Ouchtarlony  and  Oudin  procedures  Indicated 
that  essentially  100%  of  the  precipitating  activity  of  the  enterotoxia 
was  retained  after  iodination  and  dialysis. 

For  ,  jchnical  and  mRnipula^ve  reasons,  when  we  started  using  the 
enterotoxin  system  for  serology,  w.  initiated  the  counting  of  the  ncm- 
precipitated  soluble  radioactive  antigen  as  an  indication  of  the  extent 
of  coprscipitaticm.  Therefore,  the  following  graphs  were  plC'-ed  to 
indicate  per  cent  solubility  of  the  radioactive  antigen  in  the  presence 
of  the  test  serum.  As  Figure  4  indicates,  serological  studies  using  3.2  M 
ammonium  sulfate  for  coprecipitation  and  radiolabeled  eucerotcacin  B  at  a 
final  concentration  of  10  pig  pet  ml  revealed  differences  in  the  combining 
capacities  of  various  rabbit  sera  for  Lhe  enterotoxin  antigen.  Greater 
than  65%  of  the  toxin  antigen  was  precipitated  by  a  1:10  dilution  of  a 
pooled  anti -enterotoxin  serum;  only  an  approximate  25%  of  the  test  antigen 
was  precipitated  by  1:10  diluted  normal  rabbit  sera.  Again,  as  in  the 
anthrax  system,  as  the  antiserum  was  di’uted,  the  proportion  of  toxin 
precipitated  was  decreased;  at  high  dilution  of  immune  sera,  essentially 
none  of  the  labeled  toxin  was  precipitated. 

Studies  i'te  also  conducted  using  radiolabeled  enterotoxin  antigen  at 
a  fii\al  concentration  of  2  pg  per  ml  (Fig.  5).  In  this  case,  essentially 
100%  of  the  toxin  antigen  was  precipitated  t-y  Irmune  sera  diluted  1:10, 
but  less  than  '*0%  of  the  antigen  was  precipitated  by  normal  rabbit  sera 
diluted  1:10. 

Serological  studies  with  highly  Inoeled  enterotoxin  employed  at  a 
fi^al  concentration  of  1  pg  per  ml  resulted  in  even  more  sensitive  detec¬ 
tion  of  auti'eaterctoxin  antibody.  Again,  as  Figure  6  indicates,  essen¬ 
tially  1007.  of  the  toxin  was  precipitated  by  various  iasruie  sera  diluted 
1:10,  although  only  10  to  20%  of  the  antigen  was  precipitated  by  1:10 
normal  sera. 

Figure  7  coniines  the  coprecioitation  data  obtained  with  the  immune 
rabbit  serum  at  tne  three  previously  mentioned  enterotoxin  concentrations. 
Serum  titer  was  taken  as  the  reciprocal  of  the  serum  dilution  causing 
precipitation  of  at  least  50%  of  the  labeled  toxin  antigen.  As  In  the 
anthrax  system,  comparisons  Indicate  that  the  antigen -comb ini  j  titers 
of  immune  sera  ar  inversely  related  to  the  antigen  concentration  employed. 
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In  sunsnary,  the  results  of  this  study  indicate  that  the  very  sensitive 
and  quantitative  coprecipitation  technique  ia  applicable  to  the  study  of 
antibodies  produced  in  response  to  microbial  antigens.  A  sensitive 
method  is  thus  availed  to  test  for  efficacy  of  vaccines  and  lnsnunizat  ion . 


Final  Dilution  of  Serum  Used 


Figure  7.  Effect  of  Labeled  Enterotaxln  B  Concentration  on 
Coprecipitation  with  Itrane  So  run. 


LITERATURE  CITED 


1.  Farr,  R.S.  1958.  A  quantitative  immunochemical  measure  of  the 
primary  interaction  between  I*  8SA  and  antibody.  J.  Infect.  Die. 
103:239-262. 

2.  Welgle,  W.O.  1964.  The  effect  of  X-radiatlon  and  passive  antibody 
on  immunologic  tolerance  in  the  rabbit  to  bovine  serum  albumin. 

J.  Immunol.  92:113-117. 

3.  Patterson,  R. ;  Sussko,  I.M. ;  Pruzansky,  J.J.  19G3.  In  vitro  pro- 
duct  ion  of  antibody  by  chicken  splee-  cells:  I.  Detection  of  anti¬ 
body  by  isotope  techniques.  J.  Immunol.  90:829-835. 

4.  Talmage,  D.W.  1960.  The  kinetics  of  the  reaction  between  antibody 
and  bovine  serum  albumin  using  the  Farr  method.  J.  Infect.  Dis. 
107:115-132. 

5.  Wei,  M.M. ;  Stavitsky,  A.B.  1965.  Types  of  rabbit  antibody 
synthesized  during  primary  response.  Bacterlol.  Proc.  p.  52. 

6.  Freter,  R.  1962.  Detection  of  coproant ibodles  and  its  formation 
after  parenteral  and  oral  immunization  of  human  volunteers.  J. 
Infect.  Dis.  111:37-48. 

7.  Johnson,  A.;  Day,  E.D. ;  Pressman,  D.  1960.  The  effect  of 
lodinatlon  on  antibody  activity.  J.  Immunol.  84:213-220. 

8.  Banerjee,  R.N. ;  Eklns,  R.P.  1961.  A  simple  microdif fusion 
technique  for  the  lodinatlon  of  proteins.  Nature  192:746-747. 


1  OaifilWATIM  o  ACTIVITY  (Corpotaf  muthet)  2*  REPORT  SSCuN'Tv  CLASSIFICATION 

U.S.  Army  Biological  Laboratories  Unclassified 

Fort  Detrick,  Frederick,  Maryland,  21701 


Security  Classification 


DOCUMENT  CONTROL  DATA  •  RAD 

(l#eurtfr  c>Ma//fMf(ai  •/  tit  I*.  ba4y  of  oAotwcf  «n4  Mrfiaiwg  nwteffon  awif  bo  wforM  rSm  Rio  ovoroff  fmport  f«  rbn^wrf; 


1  RIRORT  TITL2 

DETERMINATION  OF  ANTIBODY  TO  PURIFIED  MICROBIAL  ANTIGENS  BY  AMMONIUM  SULFATE 
COPRECIPITATION  (FARR  TECHNIQUE) 


«  OlJCDlFTlVl  NO’la  (Typm  ol  roporf  and  ineluofN  Rofoo) 


8  AUTHOR?*;  (Lm*l  /mono,  ftiof  n 

Gruber,  Jack  NMI 
Wright,  George  G. 


*.  AC  SO  AT  OATS 

Janua 


So  contract  on  BRANT  no. 


7m.  TOTAL  MO  OF  RASH 


7b.  NO  OF  RKFI 


•  «.  ONI  SIN  A  TON'S  RIRDRT  MUMAtRfSj 


a  projict  no.  1C014501B71A 


Technical  Manuscript  273 


•  b.  JJTMSJI^PIJFORT 


V  (Any  odhot  m—bors  Am  mmy  bm  Miijnpd 


10  A  V  A  IL  ABILITV/LIMITATIO.T  MOTtCCS 

Qualified  requesters  may  obtain  copies  of  this  publication  from  DOC. 

Foreign  announcement  and  dissemination  of  this  publication  by  DDC  '•  not  authorised 
Release  or  announcement  to  the  public  is  not  authorlstd. 


It  tUPRL  IUSATAAY  MOW 


II  ASSTMACT 


12  ssonsoaias  mu.itaay  activity 
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The  ammonium  aulfete  coprecipitation  technique  (ASCT)  described  by  Fsrr  In 
19S8  has  been  employed  primarily  with  si.at.ie,  wall  characterised  antigens  such 
as  serum  proteins.  To  facilitate  study  of  the  efficacy  of  Immunisation  proce¬ 
dures  end  the  role  of  serum  antibody  In  resistance  to  Infection,  the  application 
of  ASCT  to  purified  microbial  antigens  has  bam  Investigated.  Studies  with 
Iodine  131-lebeled  protective  antigen  of  Bacillus  eat hr eels,  using  an  equal 
volume  of  2.8  M  ammonium  sulfate  tor  coprecipitation,  revealed  differences  In 
the  combining  capacities  of  varloua  equine  ier».  Approximately  1001  of  a 
labeled  protective  antigen  preparation  was  precipitated  by  a  1:20  dilution  of 
hyperimmune  pony  at. urn,  whereas  approximately  20X  was  precipitated  by  a  1:20 
dilution  of  normal  horse  serum.  Similarly,  ualug  3.2  M  ammonium  sulfate  for 
coprecipttatlon,  redtolodtne-lebeled  purified  enterotoxln  B  of  Staphylococcus 
aureus  revealed  differences  in  *he  combining  capacities  of  various  rabbit  sera 
for  the  enterotoxln  antigen.  At  e  final  concentration  of  1  microgram  per 
milliliter,  essentially  100T  of  tba  labeled  toxin  wee  precipitated  by  e  1:10 
dilution  of  e  pooled  entl-eaterotoxln  seruc,  whereas  only  10  to  20%  of  tha 
toxin  waa  precipitated  by  normal  rabbit  sera .  With  both  systems,  over  s  con¬ 
siderable  range  of  dilutions  of  normal  and  Immune  sera,  tha  proportion  of 
antigen  precipitated  by  immune  sera  remained  significantly  greater.  Thus,  the 
ASCT  yields  sensitive  and  quantitative  Measurements  of  entibe’y  reactive  with 
these  microbial  antigens. 
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